
National qerkaurics and 
Space Administration 
Weadquartms 
Washington. DC 20546-0001 

JE Reply 03 Attn o(: 

The Air and Radiation Docket (6102) 

U.S. Environmental Protection Agency 
401 M Street, SW 

Air Docket NO. A-98-33 

w m o n ,  Dc 20460 

OCT 11 2001 

Subject EPA Proposed Rule: Ppot~tioa of Stratospheric Ozone; Allowance System for Controlling 
HCFC Production, Import and Export; 66FR 38064, July 20,2001 

The National Aeronautics and Space Administration (NASA) appreciates the opportunity to review and 
comment to the Environmental Protection Apncy on the refaenced proposed rule. eurrently we 

vehicle apdications under our Space Shuttle P r o m  C SSP). Our comments on Bhe p p e d  d e  
are provided in the enclosure. 

* .. .. anticipate a need for 1 1  c 

The camnents reiterate the need far NASA to obtain an adequate sopply and continue use of 
HCFC 141b and HCFC 225 for critical space vehicle applications under the SSP. The SSP GUUIOS 
function prithout the availability of these substances. W e  CQ~CUT with the proposed S Q X ~  

vehiclddefense exemption process for continued production and import of HCFC 141b and recommend 
that tbe modifications discussed in the enclosed comments be fully incorporated into the final rule. The 
comments also provide an overview of our extensive and continuous efforts and progress in the search 
and evaluation of alternatives for an HCFC 141b substitute that will satisfy our very unique and 
stringent requirements. We feel the proposed exemption process will support the U.S. obligations under 
the Montreal Protocol wRile still allowing NASA to continue seeking HCFC replacements without 
compromising the safety and rnissim success of our Programs. 

. K we can be of further assistance, or if further discussions are needed on the comments provided, p h s e  
contact Ms. Maria Bayon at 202-358-1092. 

Olga M. Dominguez 
Director, Environmental Management Division 

Enclosure 

cc: 
USEPA/6205J/Ms. Au 
USEPN6205J/MS. Karimjee 
GG/Mr. Batkin 



GG/MT. Hostyk 
J M .  Sunon 
JlE/Ms. Baym 
Qsm. 
M/Mr. Rotbenbrg 
M-l/Mr. Readdy 
M-7/Mr. counts 
m. IBilulep 
JSCllkWMr- Dittetnore 
J S W M .  Roe 
MAFKvlr. White 
MSFCYADlOIMs. Cloud 
MSFc/ED30/Dr. Munafo 
MSFCIED36IhAr. GM5.u 

MSFCED36Ms. Moore 
MsE;c/MPoI/Mr. McCool 
MSFc/Mp31/Mr. Smelser 
MSFC/MP3 l/Mr. Holmes 
MSFC/MP4lflvdr. McCool (Acting) 
MSFC/MP5 l/Mr- Rudolpbi 
MSFC/MP7l/Ms. Martin 
MSFCMP71M. Glover 
MAFMs. Jordan (LMC) 
USARMS. Mnrphree-6rafton 
Boeing/Mr. Eichbngep 

MSFC/ED36/?ds. C l ~ k - h v  

Environmental Offices 
ARc/223-I/D. Bolles 
ARc/223-1/S. OlSges 
DFK!/D44850B/D. Morgan 
DFWD44850BD. Maen 
GRU6-4M Blotzx 
GRC/3(MS/C. Myers 
GSFU205.Z. Moxley 
GSIFcn05.2fT. Spagnuolo 
TpLn01420/C. BnriI 
Jrm301-4U)lJ. Pham 

JSUJA13 1/D. Hickens 
JSC/JA131/K. Humme1 
KSCITA-UB. Summafield 
KSc/FA-@3/D. callier 

3PL-NM0/180-80SB/P. Robles 



NASA Comments on EPA9s Proposed 
Allowance Systsm f ~ r  Controlling BCFC Production, Import and Export 166 3?R 380643 

The Space Shunle Prograrn (SSP) provides the only capability in the United States fa human 8 c W S  e0 SPaCe a?td is 
the pathfinder for reusable space hardwan. The space S u e  w a solid vopUa~& together with cryogellic fie&, 
tb achieve rhe thrust reguind to lift it and its payload febpn the l a d  p d  into cubit. The cryogenic fuels used an 
muid oxygen (LO3 and liquid hydrogen (EH2). Wse d these cryogaric fu& imposes ceAai~ aeq-6. 
systems mast be precision cleaned and their cleanliness verified using oxygcn-compatible materials. WCFC 22.5 is 
he only approved material available for this purposs in c d n  c d k d  SSB applicdons. 
Because La and LHz boil a1 -300°F and 423°F respectively, cryogtnk insubtion is required IO maintain propellant 
qualiry and reduce heat input into fhe propellants. The p- WcpUnS and their SubsFWw mponeots must 
remain within design temperature limits during prelaunch and ascent phases. A t h d  protection system ( ITS)  
provides these capabilities for the major Shuttle elements illusuated in Figure 1. The TPS for SSP myogenic 

. systems incorporates foam insulation using HCFC 141b as the blowing agent. HQFC 141b has a low heat of 
evaporation and an idcal boiling point to deliver foam with small. uniform and stable cells This results i a foam 
insulation with appropriate t h d  conductivity and sufticiont dimensional stability to withstand the hostile 
envixOnments encounTered by space launch vehicles. 

1 

Figure P: Major Elemen& of the Space Shuttle 
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NASA Comments on Proposed HCFC Allowance Rule [66 FR 380691 

These HCFCs will be acgulated by -A's proposed Allowance System for Controlling HCFC productioa NASA 
would like to take this opportunity to p r d e  the following comments regarding this proposed regulation. 

BASELINE ALLOWANCES 

EPA has listed baseline allowances to indu.st~~ for HCFCs on a chclllical-bychtolicd basis 166 FR 38065, &t sq.]. 
NASA offers comments on &e baseline allowances listed for two H m s :  H W  141b and HCK 225. 

EPA Aas proposed to limit the total quantiv of HCFC 141b produced or imponed for space vehicle QX naprow 
defense needs u) one pacent of the aggregate of HCFC 141b bastlines fbr one year 166 FR 38095, proposed 
g82.lS(j)(4)]. NASA not opposed 10 this limit, provided that Uris amount of material is sufficient to meet US space 
vehiclddefense requirements. Thc_SSP expects to u5c nmximatelv 40,000 Ibs (18,000) kR cdH=-M.lb--.- _ _  
annually throughout the waiver tim&ame. 

HCFC 225 

J 
The SSP is among the many indusay sectors that selected HCFC 225 IO replace class I ODCs such as CFC 11 3 and 
methyl chloroform in cnacal precision cleaning and verification 3pPpli&tiOnS. HCFC 225 is the only SNAP- 
amoved material that mct SSP crituia, particularly those involving oxygen systcms. Considerable resources have 
been spent in qualification testing and implementation of this material. 

NASA is concerned that the proposed HcFC 225 dlowance is insufficient for the requircmens af tbe SSP and oh& 
end users who have madc good-faith efforts to replace higher-ODP chlorinated solvents. The SSP exDectS to reauire 
20,000 lbs (9,OOO kg) HC3k 225- and 40.000 lbs (18,060 kg) HCFC 225cb annually through 2015:D-d J 
expected to grow for HCFC 225 as stockpiles of CFO are depleted for usc in critical p i s i o n  cleaninn aupbcations. - 
~A must considex rhis increased demand WhmddetMmining h l o w a n ~ .  

SPACE WHICLE/DEFENSE EXJWWTION FOR C 0 " U E D  USE OF HCFC 14lB 

NASA supports the establishment of a mechanism by which space vehicles may be allowed continued use of HCFC , 

141b [66 FR 38094, proposed §82.18(j)}. Comments on certain aspects of the proposed exemption am followed by 
our justification for such an exemption mechanism 

Specifk Provisions of Space Vehic!d&fense €xempt!ota 

NASA offers the following comments on certain aspects of the space vehiclddefense exemption. 

De4 initions 

,r' In the interest of cldty and consistency, NASA recommends that EIPA define the term ''space vehicle" in 982.3 as it 
is defined in the Aerospace NESHAP 130 CFR63.742). v 
.Petition Theframe r 

EPA proposes that space vehiclddefense endties must submit petitions for exemption prior to July 1,2002 [66 IFR ' 38094, proposed $82.lS(j)(l)l. We are not opposd to limiting the Iimeframc, but recomcnd that EBA allow at 
leasf 6 months between publicati- e d the deadline for p % i ! h ~ ~ ~ t - ~ ~ .  
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NASA Comments on proposed HCFC Allowance Rule [66 FR 3(8064] 
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Exemption Timeframe 

EPA proposes that the exemption will i t i a l ly  + .available in 3-year increments through 2009 r66 FR 38094, 
proposed 482.1 S(i)(l)(ii), and others]. We support this timGframe for potential exemption availability. However. 
we also recommend that EPA mevaluate US wnsumCon figures in 2008 - 2009 to determine feasibility of 
extending the potential timekame for exemption continoarion while mainraininr compliance with the intm-onally- 
mandated productian cap. The SSP will continue to work on TPS replacement materials, but if impltmtation has 
not been completed, additional t h e  may be required. 

Recordkeeping and Reporting Requirements 

W A  has proposed -bmiaal 866 FR 38102, proposed §82.24(g)(l)] for space v e h i c W d e h  
exemption activities. AltRough EPA does not specify a deadline for these r e p & ,  other required repans in the 
proposed rule of the end of he am$,gblc. reportiap period 166 FR 38098, proposed 
§82.24(a)(l)]. We understand the need to track class I[[ controlled subsrences, but we wowse annual 

. .  

\J -raaa &an auaneriv reDortr. with a forty-five aan-aro~nd consistent witla that s p e i f m i  in tlbe class I allo~aracc 
system 140 CFR 82.13(c)J. In the class I dowance system, Essential Use Exemptions plimaaily involved the ustr 
company and the CFC supph.  Allownacas far clas II ODC products will be significantly more C O ~ ~ I E ~  as t%le 
supply chain for fannulatcd products containing HCFCs will involve mulriple layers. IHW l4lb is purchsed by 
intermediaries (foam formulators) who in nan blend the resulting fbam insulation products T ~ ~ ~ w Q c ~  of 
r e p d n g  propod, as well as thc turnarmd timt, would be unduly burdensome. The SSP mat& procurement 

*-- Those companies 
flow may be used as an example. The rumnS;b&y for lipr 

h v  foam from three formulators. who cqrentlv buv HCFC 141b from two huers. Figure 2 depicts &e 

. .  
. .  c g i i i r w t o ~ ~  

various srages of the SSP TIPS supply chain. 
SSP Flow of HCFC 141b and Formulated F Q ~ S  

Figure 2: Shuttle P S  S~pppY Chah 

The External Tank (ET) is manufactured at NASA's Michow3 Assembly Facility (MAF) in New Orleans, L~~j~iianrp 
by Eockheed Manin Space Systems Company. The majority of the TPS is applied at M4.F bePaPe shipping &e ET to 
KSC. A small amount of 'pps m a t d  is also applied at KSC. Foam testing k perform4 at MU, Phc hhshslll 
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NASA Comments om Brsgosed HCFC Allowance Rule [66 FR 380641 

Space Flight Center (MSFC). and vendor locations. Foam is p r o c d  by ]Lockheed Mamn faom BASF. MC33 and 
Stepan, who obtain HCFC 141b Born Honeywell and A t d i ~ .  

Orbiter sustaining engineering, upgrades, testing and refurbiishmenr are ptaforrned by the Boehg C o q a y  at their 
facilities Palmdale and Huntington Beach, California The Orbiter contract L administered by u160ed Space Allimce 
(USA). AU foam to be used on Orbita flight hardware is procured from BASF by USA at MSC. Material is both 
used at KSC and shipped to Pdmdalc. California for use in Orbiter refurbishment activity. Foam used for resting at 
Huntington Beach, California is procured b m  BASF by the Boeing Campmy. 
USA atso holds the Solid Rocket Booster (SRB) refiubishmenr and assembly cantract. These activities are cmied 
out at KSC. Sustaining engineering, upgrades and testing are done at KSC and MSFC. All SRB HCPC 141b blown 
foam is procurcd from BASF by USA. 
The SSP is in the process of developing a mechanism to track and report required information to EPA Quarterly 
repeating is unnecessary and budcnsome, and the proposed 15-day window is fk~ too shm to allow the SSP to 
collect required data from multiple conuactars and locations. 

Update/Renewal of Exemption 

In the preamble 166 FR NASA concurs With m m  
380811, RPA states that such updates should submit informtion inc@&@ncr effods undercaljeb to find alternatives, 

/ .whetheran- ative-hw bem found, and wbethtr t l w ~  is a need to emgd the exvption @her. However, this 
language is not consistent with that in the proposed regulation itself 166 FR 38095, proposed 582.18(j)(5)] that 
mirrors the subtnirrai requirements for the original petition. We believe rhat an update, rather than a petition 

-cc&on 9. 5ubminEd in the onPirul Peti!ion should not change, and it ifsot necessary to 
prepare a repeat submittal when an update should SUfIibd 
NASA has made B good faith effort to identQ all our Critical ne&, and at this time we do not foresee any dcWoanZaa 
critical rquirunents for HCFC 141b or HCFC 2225. However, in consideration of my unfmsem rquiremena of 
futurt NASA programs or other activities, either developed by NASA or approved Poa NASA's impllemenation, we 
recommend that EPA add a provision under the space v6hiclddefense exemption allowing an entity to request 
additional allowances fur HLPC s. kPA could consider such requests on a casbby-mse bask, evaluating the entiKs 

'' jusuiicahon of need aud assenions that no viable s u b s h m p e c i f i c  application inaEs$on. NASA's 
inrtnt is to reduce the use of HCFCs and to find adequale HCFC substitutes far use in our progmms. * However, this 

. .  

/ 
(/' resubmittal, should be suficimt and C ; i R f a x n a p i a n & i r u b ~ ~ & B e s  . .  

$ 

''d 
rtcommded provision would provide a process to address any unforeseen critical require&&. 

Justification of Requirement Par hrempfiox? Mechadsm 
n e  SSP requires a TPS to maintain the quality of the cryogenic propellants, provide protection from a c r o & e d  
and vehicle plume heating onvironmMlts, prevent fomation of ice on extenor supfaces, and mainpain s t r u c W  
integriv. These foam materials use HCFC 141b BS the chemical blowing agent to provide the critical insulation and 
cell strucmre properties of the foam It k important to note that a foam meeting Sbutlle system requirements is POI 
typical of the foam industry, which mainly provides foam materials far hnhure  or insulation uses no? subjected PO 
the cxueme environments cncounterea during the launch and recovery of space paunch vehicles. The three major 
SSI) elements (see Figure 1) requiring foam M a t i o n  ate the Orbiter, the ET, and the SRBs. The TPS is applied at 
various NASA and contractor sites using spray and mold techniques developed specifically for the space propam's v' 
unique requirements. The SSP uses amroximatel~ 400.000 Ibs (( . 9 -  

A & M D = =  - 
Development and hplemenm~on of an H O C  141b replacement cannot m t  the 26303 deadline. The SSP began 
HCFC 141b replacement offoas in 1993, far in advance of the phaseout, but no replacanent has been found that 
meets performance requirements. Stpdcpiling or use of recycled or recovered HCFC 141b is not vet a viable low- 
term solution due to shclf life and environmental concerns. Continued'production of HCFC 141b for use as a Space 
Shuttle foam blowing agent past Januay 1,2003 is critical to he NASA Space Shuttle IRogkaw. 

Role of the Foam 

dt 

The TPS design is driven by a number of design requirements including staging in narural mvironmemts, p h m c h ,  
ascent. and ET reenay environments. The role of the TPS in each environment is described below. 
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NASA Comments on Proposed HCFC Allowance Rule [66 FR 380641 

Natural Environments 
After manufacture, SSP de.nxnts are transported to and within Kennedy S p a  Center (KSC) where they are stored, 
some for up to 6 years, until mated with the other ShuttIc mompanen&. Once elements are mated and &e velhicle is 
transported to the launch p d ,  ShutLle TPS foarns must be able to endure a 18Oday stay without performance 
degradation. The onshelltend envbnmtnt to which these components may be exposed includes temperatures up to 
115°F. humjdity from 8-100%, sand, dust, salt fog, rain, ozone, solar radiation and fungus. 

Induced Environments 
SSP foam is designed IO withstand the induced environments imposd d&g msportarion, ground operations, 
handling, storage, and flight options. The environments, illustrated in Hgure 3, include both t h e d  and 
mcchaaical loads from prelaunch, ascent. and reentry. 

Figure 3: Shuttle Launch Envimnmcnts 

Prelaunch 
The foam insulation thickness is primarily d d m d  by the prelaunch requirements. Maintaining good qdirylstable 
propelhnts and minimizbg ice forma~on on the vehicle extexior an hhe p b p y  considerations. In sumnaary, pnon 
to launch the TPS serves the following critical functions: 

0 Maintains LO2 and LHz boil-off rates below the ET vent valve capabilities 
0 Contributes to propellant loading accuracy and iacreased propellant densities 

Maintains LO2 and L.Hz at specified temperatures at the OrbitmET ilnterf'ace to ensure flow of propellam bo 
shuttle main engines 

Elimnates air liquefaction on the LH2 tank 

Page 5 of 14 

---1-111- ~ -- I- 
- - - - "  --- ---- 

FEE 84 '83 17:16 



-- - .  * 
NASA Comments on Proposed HCFC Allowance Rule [66 FR 380641 

Minimizes ice formation on the ET exterior surfaces - Maintains envkunmental integrity of various assemblies and sensitive components 

Ascent 
In the asceht phase, the TPS must maintain the primary suucms and subsystem components within design 
temperature E a .  For cxample, the OrbiWET urnbical 17” disconnect must bc proptcted from the intense heat of 
ascent The SRB strut assembly TPS must maintain a unifarm crush condition to capture the ET/SFtB conne~thg 
bolts as they are hurled by an explosive charge during the SRB separation maneuver. Pn the ET Attach rings, the 
foam must endure the b a t  load of flight and remain in place to mitigate descent environments. The insulation must 
adhere dinnly to the cryogenic tank surface0 under the simultaneous loads induced during ascent KO orbit. All SSP 
indat ive  foams must withstand the folbwing I o a d ~  

Static, dynamic and armbienc p~essans 
&owtic and vibrational loads 

&cent aerodynamic hearing 
SRB and h n  engine plume r d m t  and recirculation heahgs 
SRB separation motor plume heat impingement 

Autogenous rank pressurization gas heating 

C r y o E ~ ~ g G  

-try 
Following ET separation fiom h e  Orbiter, the TPS is nquired to protect the ET mucture from aerodynamic heating 
to prevent premsnue fragmentation at high altitudes. Anothcr function of the IT’S occurs during ET reentry when 
external temperatures and tank pressurization conuibute to the ET fragmentation process. The residual TPS material 
must be adequate to provide the entry function to maintain the desired break-up footprint o v a  a remote ocean 
location, protecting &e population and avoiding established shipping lanes. 
Hn the evem of an emergency mission abort, the ET foam must ensure that structural temperatures are mainrained to 
prevent ET break-up during emergency lanai. Current flight rules require an intact ET and Orbitex to descend to 
50,OoO ft Separation of the ET occurs at 50,000 A or above to prevent crew tndangermene. 

SPACE SHUITLE TPS REQUIREMENTS 

In order to swive  hostile Shutde SCrJioe environm&, insdating foams must meet stringent xequkements. m e  
propepties bave been identified as being most significant as Critical to maLing good foam These properties me 
intedependtnt and are all d a t a l  to the ability to @ann under simulmm Shuttle loads duing a ~ c e n t  The 
fdl~wing properties are c o n s i d d  &e most bpmbnt for Shuttle TPS ~Q~IQS. 

$hermas Crmductivitv and D-ensity 
.he most important materid property that SSQ insulating foams must meet is low thermal condwtivity at a 
given density. This is achieved by increasing the percentage of blowing agent trapped in &e foam cells, 
sesdting in lower foam density. Tho density and the requircd foam thickness detemine the weight of the foam 
on the ET, which also must be limited. The amount of space tbat foam on the Shuttle Orbiter clpn occupy k 
l i t e d  and hence, the foam must provide adquare thermal insulation while minimizing fosm Phichess. 
Changes in these properties could have unacceptable consquences in the flight environmenes. An bcrease in 
density w u l d  increae the impact enorgy of ET foam debris; increased thermal conducthiy would inmase ice 
formation on the tank. Foam or ice debris emanating from Critical areas of the ET would cornpromise &biter 
tile and windshield integrity and flight crew safety on ascent and reentry. Increased weigbt of h e  ET wodd 
compromise Shuttle performance rescmes required to achieve high inclination mjectories for docking with the 
International Space Station. It is, therefore, necessary far material properties to be optimized within the 
constxaints imposed by mission requkements. The required properties necessitate a foam fQmlUla6On & r a ~  
be consistmtIy applied within criucd application processes and stringent tolerances. 

&cz!ssion Rate 
Recession rate is the rate at which foam m a w  decomposes and ablates from the foam surface at devaw8 
temperatures. Foam recession rates must be controlled to protea the Shuttle vehicle during ascent- SSP ?pS 
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mua withstand extreme heating environments such as SRB plume canvedve temperatures ~f weal thousand 
degrees Fahrenheit It must also provide radiant heating protection from the approximately 3000°F SRB plumes 
and 6000'F Space Shuttle Main Engine ( S S M E )  plumes and ascent aerodynamic hearing temperatures of up to 
200O0F during peak headng. 
In addition to ascent requirements, resistance to reenw heating is necessary to maintain a lhhd ET debris 
footprint over an isolated ocean area. 

Maberia! ProDedies 
SSP TPS possesses material properties that are unique to space launch vehicle requirmena. The foam must not 
delaminate internally nor debond from the substrate when the substrate is saessed to its yield point under Shuttle 
flight loads at -423°F and h e  external surface is exposed to temperarures in excess of 3000°F. This requirement 
is necessary to prevent debris that could Mpact the Orbiter, d n g  a Safety of Fligbc issue ax c a w  structural 
failure of the launch vehide components. Foam insulation on all ayogenic surhces must withstand expansion 
and contraction stresses associated with prelaunch and flight. 

Stn~~nrral material propatjes such as tensile strength and bond slrengfb must be maintained o w  a substme 
temperatun m.ag6 of -423OF to +3QO0IF 10 meet flight requiremanas. TPS must m e t  Wannma$ili@ a d  
sutgasshg requiremenu for SSP mat&& in NASA Handbook 8060.1. c\ptd must be stable 
for 6 years under natural conditions. 
Additionally, all TPS foam must be compatible with surrounding materials under dl natural and induced 
environments. For wramplc, SRB pour foams must have comparable density and thermal ablative propeuties as 
rbe surrounding spray foam. It must also adhere to substrates such as sealed cork, rubber, pahtcd steel, painted 
alucninrup~ and silicone sealanu. 

The performance of Space Shuttle foam insulation in environments experienced during ascent and descent i s  d 
primary irnportsmc. The imposition of simultaneous loads such as static pressure, dynamic pressure, ambient 
prersure, vibration loads, acoustic loads. myoshrinkage, aeroheating, plume convective heating, and plume radiant 
heating on the foam prove m bc Ihe most critical aspect of determining whether a material is acceptable for Space 
Shuttle use. These loads, shown in Figure 4, are interrelated. No test'facility can recreate and accprrately 
synchronize this loading profile completely. Out of necessity, simpler methods of testing have been d e v e l w  
However, they do not test all simultaneous loads compWy, resulting in program risk. 
An example of this issoe occurrod during the implementation of HCFC 141b blown foams. The ncw materials 
succesdully met all test requirements and were implemented on the ET. One of the new foams failed during flight, 
producing debris that damaged the chbirer. Modifying SSP TPS results in risk to the Shuttle that cannot be fally 
anticipated by the qualification testing program. The complete suite of simultaneous loads, and the materials' 
responsc to those loads, can only be experienced during actual Shuttle flights. 
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Substrate strain 
Substrate bending 
Substrate flexure 

Substrate vibration 
Airloads (axial) 

Aeroshear 
Acoustics 

Oscillating shocks 
TPS cell burst pressure 

Temperature 
Thermal gradient 

Differential expansion 
V S  recession 

P I I 
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1 1: 
Peak Peak 
Loads Heating 

Figure 4: SSP Simultrureous Loads 

EVALUATION OF HCFC 14lb ALTERNATlVES 

Human space flight safe@ is of paramount impormce to NASA. It is Critical to recognize the importance of 
demonstrated reliability in rhe SSP. The Space Shuttle is a hurnan-wted flight vehicle and introduction of new 
ma&& jeopardizes proven reliability. Prior to implementation on tht Shuttle system, a new mmid must undergo 
a rigorous dwtlapmenr and qualification program. This section discusses the steps that must be &en to implement 
a new material on the Space Shuttle, and specifically those that have been taken to find n w  generation alternanves 
to HCFC 141b as the blowing agent for the Spa= Shuttle foam thezmal potecdon systems. The SSP i s  constrained 
by K i t  safety and perfarmylce requirements. 

Requirements and Implementation Issues for Foam Sysfems 

Foam Development and Qualification Prooess 
Prior go implemmntation on the Space Shunle, a new material must undergo a rigorous development snd qualificadjon 
program. The SSP approach to evaluating blowing agents is comprised of steps illusmtd in Figure 5. 
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Devell o p mentlQu a l i  f ication Process 

- Fmcess Variations 
0 MechanicalPropemes - Selection I *Materid Properties 

Mechanical & T h d  Properties 
Processing Environments, 
Shelf Life Storage Stability I PreLiminary Specilkitions 
Lot eo Lot M a W  Variation 

1 1 I - Wind Tunnel 

8 gbennal Aooastics 
Combined Environments 

Figure 5: Foam Development and Qualijicatidn Pmcess 

The first step in this process is to screen potential xnatcrials and select likely candidates based on material properties 
and their compatibiliv with manufacrUring and facilities constraints. Certain criteria are used for selection of a new 
blowing agent chat can be used to make SSP fosm insulation. Materials are sought that are soluble in isocyanate and 
poly01 components of u r e h e  insulators: low toxiciiry, with supporting data from toxicity ttsts; boiling point range 
of 77°F - 113°F; =A-approved, preferably zero ozone depletion potentkd (ODP) and minimal @OM wamnhg 
potential; and mmmcrcially available. Process variations and mechanical propdcs are evaluated ire the selection 
process. 
Formulation refinement and process definit5011 include assessment of liquid propdedreactiviy, mechanical and 
thermal properties, processing environments, shelf lie storage stability, and lot-to-lot material variation. Preliminary 
specifications are also eamblishtd at t !  time. SS? foams must be sufficiently robust to survive manufaawing and 
transportation activities. Foam components myst have a shelf life stabfiry of one year. Both foam components and 
formulated foams must be able to maintain lot-to-lot manufac&ng mnSistency. Proctss control must be mdmtaid 
within defined manufacturing constraints 10 assure material repeatability and m e t  pmktable fli@ &-ce 
requiremenu. Development is an itemive process invohing several blowing agent candidates amd various foam 
fOlVlUMOAS. 

Once a candidate is seleaed, the qualification phase begins. ahis phase greatly expands testing of the new foam 
system to include processing variations, lot-to-lot variability, shelf life, ananufacturing capability. and design 
verification testing using various lots of material. Wind tunnel, cryogenic Strain, radiant heating, physical p p q ,  
deshsiry, and thermal conductivity materials tests an performed on potential f a  systems. 
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Development of an extensive database is required beforc a product is ready for implementation on manned space 
flight hardware. The blowing agent used in a foam nxtterhl can sigaificantly affect any or all of the foam propcrtb. 
A siMficmt amount of devetopmem and qualifiEadon testing must be p a f o d  to ensure that the maOerid meets 
ap1 of the requirements for mission success and human flight saftty. 

tests Rave beta identified as critical raQuiremtnts for each material. These tests are fm mchanid 
pqerties [-ik an8 compressive strength), physical properties (density, thermal conductivity, and dimensional 
stability), ayostrain (to 423T). and ablative recession (aero and radiant Beating). Test sampleslspe%ha are 
obGLined from foam-insulated panels that arr ]processed to meet engineering QI fligh requiremeplts and represent 
actual manufacturing conditions. Upon suocessful completion dthe above tests, the foam material m a t  be validated 
in the manufacturing process beforc implemtntation. 
In summary, Shuttle material and process changes require extensive development and qualification programs prior to 
implementation, All of the information gained horn the implanentatim of HCFC 141b is Bting utilized in the 
development of nexi-gencration blowing agents. Lessons learned from implementation of HCFC 141b blown foams 
demonstrate that changes in materials and processes, even when thotoughly tested, p s e n t  opportunities for 
unforeseen problems. Minimizing these issues is critical to the Shuttle program, and is part of what makes 
development of the next-generation TPS foams a lengthy and complex prooess. 

HCFC l4lb Replacement Efforts 
The blowing agmt community has bem bgmcnted in its development of HCFC P41b replactments. Papent rights, 
licensing agreements, and business decisions have complicated and slowed the availability of mterialr for sciemMk 
research arad pragress IOWA HCFC 141 b replacemctlt. SSP personnel have been driven to research a wide variety 
of replacement options. This research has included modi 

and others. Transfer of foam replaccmem technology and exchange of successes, challenges, aad disappointments in 
the seanh for blowing agent replacements continues with these companies and with uur systems suppliers. 

'es s m&wx 

that have -d h&K&!&J@&g&$& m w  h a L K L  
V e n t a l l  es, as w d l m  other hudrofluoraearboru (HFCs). hvdmfluorinated ethas (HFtis ), hydr-, and 

. -  J 
a sole and co-blowiq~ agent. The SSP has researched and test& ' o w  2061 RoantiaP blowing agent 

Extensive tests, including flight performance tests, were conducted on certain TPS matesialls bloww wirh ma, 
HFEs. HCs, and warm. Limit4 rest quantities md lack of availabilirly have delayed developmeno and qualification 
schedules of the HFCs and H E s .  For example. it was necessary to obtain W C  and MFE samples &ow spsddv 
fluorine synthesis houses becausc test quantity samples of these matecials were not w&&~B &.om &e mjm 
mranufacmers. 
Key characteristics and SSP C O D C ~ R ~ S  associated Wjlh potenlid blowbg agent categaPies are s b z e d  in Table 1. 
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Hydrocnrbons (HCs) 

indusm in polyurethane foam 
closwut applications 

development for spray 
SY 

Requi~e~~~bstantid 

C a - b t o h g ~ l 6 d  
0 Handling and process 

challenges due to Bow 
boiling point 
Reduced solubility 
Good-hanid 
properties 
l h m a l t t s t i n g a n d  
analysis in progress 

systems 

9 Significant faamulatim modifications required 
Reduced ayogenic strain conmatibiliy 

Unacceptable thema1 coaductivhy fox mod SSP 
applications 

wllh 9-1 handkg m-t & sbacmt 
processing adjuments 
Tradeoff between boiling point and solubilitr. taose 
tha are optimum for both a ~ e  not easily 
manufarmred. or will not be commercially available 
(Hpc 245ca) 

mid 2002, pending customer camrnitmenls 
Orha KFCk ace not commerciaUy available due to 

245fa k p b l d  for t ?OI l lmd  p 0 d U C b  

I licensing or patent issues. 
Improved dimensional I Requires special handling equipment and significant 
stability 
Fine cell structure in rigid - 
foam systems 
Handling t process 
challenges due to 
flammability 
Limited data due to 
OSHA and NFPA 
imposed processing 
mtricLions 
Excdlmtthcrmodynamic 

4 Compatible with existing 
chemical formulations 
LimiteddatatoOSHA 
and FDA imposed 
restrictions 

ploFJ=ti= 

poess  adjustment 
May require emission contxols 

0 Evaluations are p l m d  

I 

9 High cost, but comparable to some HFCs 
Limited toxicity data far same materials, uttendve 
human and laborstory testing compkt& on o k  
BFEs 
Promising materials include c o d a l  anesMcs. 
appreciable quantities have m o t  bcen readily avdable 
for ana?y& 
SSP is researching avenues for industry wide 
toxicology studies neccssaty to undemd expo- 
limits, and any enghcrjng controls chat might be 
necessary to linait acposm. 
Extensive testing will be conducted pending 
resolution of FDA- and OSHA- relaced issues. 

1 

l 
I 

' 

Table I :  Summary of Potential SSP Blowing Agent Replacements 

NASA would like PO take this opprtunity to s h e  with EPA a summary of the SSP experience with candidate 
blowing agcnas to dare. 

WaterKarbon Dioxide (I&O/COJ 
Water-blown foams tesced for use on the SSP wen rejected due tn a number of factors. Thermsl conductivity, 
comprcssivc saength, adhesion and structure of C G  blown foam did not meet SSP requirements. These foams 
6xtulbitd insmient cryogenic scrah coqatib%ty, as Weal. However, such foams are potential candidates fm 
Pimitcd dose-out applications. 
Using warn as a blowing agent would likely require significant modificarion of foam formulations and d e v e l o v e  
of s p y  systems. The SSP is continuing h e  cvalunrion of wamr c-blowing with MFC 245fa to ndua  &e vapor 
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pressure and with pentanes to reduce flammability of blended systems, but water as a sole blowing agent is not 
considered an acceptable d t m t i v e  for Shuttle use. 

Hydrofluorocarbom WeS) 
Limited studies have been done with HFCs obtained from specialty blend Rouses, including HFC %Sa, HFC 356, 
H E  365, WK: 24Seb, and HPC 24Sca. Several appear 10 be promising candidates, but availability has been limited 
due to patents and licensing agreements. The results of SSP evaluation of= 24Sfi follow. 
HFC 245h has a significantly lower boiling point than that of HCFC 141b. This has resulted in the need for 
quipmuit modifications and presents challenges in foam f m u l d o n  processing. Once blended. application of HFC 
245fa blown foams rqukcs s ignihnt process adjustments compartd to current system. The exothermic chemical 
readon of wethane insulations must be adjusted and tuned to acmmmodate changes in heat of reaction, vapor 
pressure of blowing agent, and solubility of blowing agent in both the liqUia matthls and reacting polymer. 
Iw3 245fa has a significantly highcr vapor pressure than HCFC 141b. which results in more overspray (malcrial &a0 
acc~muhtes  on adjaoent areas during spraying) during the wann-up and spray activities This overspray tends to char 
and degrade, resulting in heat buildup and poteutial for fire. The SSP is aware uf the dangers associated wit& 
exothermic reactions and heat build-up in urethane insulations. Precautions are &en to break up the QVW- 

spray material produced during processing to allow the heat it generates to dissipate. These precautions w m  1100 
sufficient whcn handling experimental IIIFC 245fa blown foam. and fire resulted. The SSP has implemented special 
procedures to accommodatr the safety concerns associated d t b  fire protection, and we are again conducting 
evaluations with precautionary procedure. 
Extensive testing within the SSP has been conducted on HFC 245fa-blown spray foams. Preliminary data from a 
large experiment conducted this year shows promise for spray-on foam applications, but significant processing 
changes are required. Analysis of the available data continues, and additional tests are scheduled. HFC 249% is not 
suitabIe for typical hand-mix an8 pour procedures used in SSP operations due to its low bailing p i n t  

Hydp.ocarb~~~~ WCs) 
Hydrocarbon blowing agcnts, most praminently penwe-based blowing agents, are volatile organic compounds 
(VOCs) and axe significantly more flammable than HCFC 141b. This flammability has result& in the need far 
modifications to handling and processing equipment, including dectrical groundii systems, inert gas purges, 
extensive gas sensors to monitor for explosive limits, integration of the sewns with processing contmls to ensure 
fail safe operations, and innwcd exhaust demands to comply with NationaI Fire Protection Association m A ]  
souldiplrds. Class I Division 1 explosion proof equipment and fkilities the only proven h o d  to ensue safety 
and continued Space Shutde production. 
"le flammable nature of pentanes also presents challenges in foam formulation processes. Blending d liquid 
C Q ~ P O X I ~ ~ U  musf now be accomplished in closed systems to prcvent migration of flammable vapors. The SSP has 
d e v e l 4  special procedures to accommadate the safety concerns associated with fire grrorection for limited research 
and bench scale teshg of flammable mareriais. Proprietary forxnulatba changes are necessary to achieve targeted 
densities, readon profiles, and material properties. In order to complete this work, extensive facilities rapgrades are 
necessary. The flammability of the pencanebased blowing age& would require extensive facilities modifications at 
multiple locations, both NASA and conuactor facilities. VOC emission controls and permit modifications may also 
be necessary. 
Despite the challenges posed by heir flammability and volatility, these ma~rials exhibit promising characterisoics. 
Ihe hydrocarbons producc a very fine cell structutx in rigid foam systems. They also provide foams with greatex 
dimensional stability than HCFC 141 b. The SSP will C O E ~ ~ D U C  to evaluate hydwcarbon-based TPS foam. 

Hydrofluoroethers (HFEs) 
h y  of the fluorinated ethcts have optimal t h e m o d y n ~ c  properties for p9e as a Mowing agent in urethane 
insulations. Both HFE 245 and HFB 263 were tested for SSB use. These materials h v e  blowing efficiencies 
comparable to currcnt SSP blowing agents. .They w e  also found to have sufficient solubility in foam compontnps, 
and produce a foam with low thermal conductivity. Preliminary data also indicated acceptable mechicdphyJcd 
properties in molding and sprayed systems. U n f o m d y ,  both HFE 245 and 263 have limited toxicity dam and arc 

available anesthetics led the SSP to discover several materials with appropriate boiling pints for potential use as 
foaming agcnts in cellular polymeric insulations. This class of materials apgmrs extremely promising as pok~tid 

not commercially available, although HFE US is a pharmaceutical by-product. Further research into commemd * Y  
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blowing agents. The SSP is currcndy seeking the means to obtain larger test quantities of HPCs for further 
evaluation. 

Futuni HCFC 141 0 Replacement Plans 
NASA suppow EPA's Significant New Alternatives Program, which strives far the substitution of chemicals that 
reduce overall pisks to human health and the environment Howem, the critical path to blowing agent selection, 
evaluation, qldifiCatiOn, and final hphen ta t ion  in a human-rated pmpukion system is compltx, Lengthy, and 
expensive. Considerable effort and resources have been spent an replacing HCFC 141b foam systems without 
sucoess. The SSP now plans to expand its list of candidates to include customdeveloped mataials and blowing 
agent blends. Candidate considerations include not only those of the SSP, but also those of potential future launch 
vehicles. Successful completion of TPS replacement is contingem on identification of viable alternative blowing 
agents. 

Blowing agent replacement i s  technically complex. and the changes involve Significant progam implementation r isk 
The next-genmtion blowing agmts represent a much greater technical challenge and programrnatc risk than the 
development and implementation of HCFC 141b. Foams d e  with alternate blowing agents meeting Shuttle 
criteria are not yet available, so the tiantidon fiom HQFC P31b 00 a zero ODP blowing agent cannot b~ 
accomplished within the existing phaseout etnetiae, or other recently proposed timelines, without jeopardizing the 
safety of NASA's human space flight program 

OTHER SOURCES OF HCFC 141b 

The use of stockpiled, recvcled or recovered supplies of HCPC 141b-g the sole source of foam blowing agent 
e anticipated b implement next mxieration foams PO= uycce~table risk eo the ShuPdk Propam. 

-d purity of the blowing agent is'essential to viable foam insulation meeting the stringent technical 
requirements of manned flight hardware. 
Time for implementation, uncertainties in long-term quality of stored, recycled or recovered HCFC 141b, and 
logistical issues make such options appropriate only as a contingency option for continued SSP viability. Some 
candidate blowing agents will not be commercialized until close to the J a n ~ u y  2003 class II phaseout date, delaying 
final matexiid selection. The qualification cffm to validate and inrplement a new blowing agent in such critical space 
vehicle applications has historically Paken 4 - 5 yean after the blowing agent has been selected. Development, 
QwJification and implementation of next generation foams are accomplished through an iterative p e s  during 
which unanticipated challenges may require changes to. modification of, or replscement d equipment &bay 
methods, and ocher parameters. These rypes ob changes may extend the time for fufl hnplementauon of replacement 
insulative foams. Additional time will also be required to incorporate lessons learned from efforts associated with 
the implementinion of HCFC 141b blown foams. Considering these additional 6me requhemtnts, q&Scation and,, 

The use of mcycled or recovered S U D ~ ~ S  would be coountmurod~ 'ye. A change in the source ob any critical 
ingediemt autoxnatidy lxiiggors requalification aequinapentS. "he SSP has requalification rcqukemm~ for fight- 
essential formulations that would rtsult in years of testing and waste of resowoes that would be best Mskd toward 
development of next generation foam. Tbesc requirements reftm the element of human risk involved in mannedfl 
space flight. 

C 141b. In The Shuttle Program does not yet have suflicknt data to be assured of stored H m  
Navmber 1999. rhc ET DrQ iect initiated a mdy to determine HCPC 141b shelf life. Data suggests rhat HCFC 141b 

3 3 j m r  fgctom conditions, Manudacnmrers ape utnwillhg ta 
certify that the materia! will not chemically decompose or degrade if stored rhrofigh m, even if a chemical 

liter. Tbe m u f ~ m r e r ' s  stabilizer is added. HCFC 141b used in SSP > 
testing has demonstrated sroras stsbilitv u n d v v  urn 

Long-term cyclic &em on apd blowing agent purity are unknown. The unresolved storage concerns include vhe 
effect of stnrage conditions such as container material, temperame, atmosphere, humidity coml,  and the e f h t  of 
degradation products on the stability. Two pomfisl problem schemes exist. The principal problem is that the 
accumdation of degradation products m y  have 80 irreversibly deletexious effect upon the ham's thermal 
conductivity. Second, if the deleterious effect of degradation products is Dot kreversihlc and can be remedied With 
cbhepnical reprocessing, ultimate ~ p m s s i n g  success would still nted to be established Reductions in blowing agent 

* 

<. , implementation of revlacement foams is expeceedl to k cwx~~~bte no earlier than.2009. 

# . .  

. .  . .  
1 
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purity level duc IO degradation by-products or the introduction of impuritias from the storage vcssel itself m y  
adversely affect the performance of the TPS. Loss of h e  TPS would bring the SSP to a halt. 
The SSP annually co~umes apprcabnatdy 40,000 Ibs (18,000 e). of the HCFC 141b blowing agent in foam 
insulation. Assuming successful implementadon of replacement TPS by the earliest possible date, 2089, over 
280,000 lbs (126,000 kg) must bc stored to enme adequate supply of HCFC 141b. A condngency quantity would 
be to ensure continued availabixv d mattrjd. Storage of SUI% a large amount of HCFC I41b. in drums or 
railcan, would create the potential for material ContiuninariOn. spills.. tmissionS, and mat~rh? management issues. 
The need IO stockpile such large quantities for the length of time anticipated for next generadon f ~ ~ a m  development 
could result in a significant disposal requirement st the time of implementation. Further, there is a risk that even this 
large amount of material could be insufficient for Shuttle requiremenu. If initial replacement blowing agent choices 
fail qualification testing, development work would have to be restated with ocher candidate blowing agents, 
extending btal tiat to implementation. 
Foam insulation is critical to flight and mission success. Using recycled, m o v e d ,  or stockpiled HCFC 141b as dre 
future blowing agent source poses unacceptable environmental and materia\ availability risks to the Shuttle Pragrsm 
Continued production and availability of HCFC 141b past 2002 is necessary to meet the stringent xequihemrn~ of 
SSP foam i d o n .  

The SSP uses wo HCFCs in critical space launch vehicIe applications, and the program cannot function without 
these substances. Although availability of these mat&& will be affmed by =A'S p r o p o d  HCFC a l l o m  
system, NASA believes that such a system will provide a reasonable and effective regulatory mechanism to control 
usage and emission of class II controlled subslances. The establishment of such a system should also gredde &e 
pleed to further control HCFC usage witb changes to existing SNAP approvals of HCFC applkationrs. SSP HCFC 
usage quantities am he.rein provided to assist EPA with establishing approBriace allowance allocaths. 
NASA concurs Wifh the proposed space vehiclddeftnse exemption k t  also reconunends EPA to add a p v i d ~ n  
under this exemption to allow an s n t i ~ ~  to request ldditianal H a c  allowances for my U~~QWSC?LE~I future 
requirement. 
NASA recommends thac the modifications discussed above be incorporated inu, the fid Pule. The props4 
exemption &kill supporr US obligation under the Montreal Protocol while allowing the SSP to contime seekkg 
HCFC replacements without compromising the s a f q  and mission success of NASA's Shuttle progxam. 
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